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(54) Process for producing prepolymers whldi cure to improved sealants, and products fbnned 
thereby 

(57) Silyiated polyurethanes exhibiting a superior 
conrt)ination of mechanical properties and wNch cure in 
reasonable time to a low-tack sealant, without excessive 

visooaty. are prepared by reacting a polyol component 

having terminal unsaturation of less ttian 0.02 meq/g 
with a diisocyanate component to form a hycfroxyt-termi' 
nated prepolymer, and endcapping the prepolymer with 
an isocyanate silane of the formula OCN-R-Si-(X),„(- 
OR^Vm wherein m is 0. 1 or 2, each R"* is alkyt contain- 
ing 1 to 4 carbon atoms, each X is alkyi containing 1 to 
4 carkx3n atoms, and R is a difuncttonal organic group. 
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Description 

Field Of The invention 

[0001] -me present invention relates silane end-capped, polyurethane prepolymers and to compositions made there- 
from. 

Background Of The Invention 

[0002] Urethane polymefs ha/e been modified to modulate their functionality by endcapping some or all of the isocy- 
anata arews with a variety of oiganosilanes to yield silane end-capped urethane polymers containing minimal « no 
SwS^ups. For example, in US. Patent Na 3.632.557 to Brode and Conte. the complete end-«pp.ng of poly- 
vSth «imary and secondary aliphatic aminosilanes v«s disclosed, yielding silane-terminated polym«s ftat 
rS^Vat'^emperature 7u.S. Patent No. 3.979.344. Bryant and Weis disdosedJ«t a smaj ^^^^^ 
JSaminoethyO-aminopropyllrimelhoxysilane blended wHh vulcanizable silane-terminatedpolyuremanes jneW^ 
room-temperature<urable silane-terminated sealant compositions having improved cure speeds, useful ^^jpf^J^ 
S P^r compositions. Bryant et al.. in U.S. Patent No. 4.222.925. '^'^j!^^^";^''^^^^ 
in U.S Patent No 3.979.344. with the addition of a high strength reinforcing carton btosk filler, and optionally, a moe- 
ture curing catalyst such as dilajtytin diacetate. ■ i _«» 

[00031 In U S Patent No. 4.374.237 to Berger. et al.. curable isocyanate-temiinated polyurethanes having at le^ 
some of the temiinal isocyanate groups reacted with a secondary amine containing silane monomer ha^nfl 
alkDxy silane groups were described. The compounds were disclosed as being useful in sealant compositions having 

mS^r^wluSSnenit^x^ urethane polymers and sealants were disclosed in U.S.. Patent No. 3^7.722 to 
Seller which described polyurethane sealants such as alkylaminoalkyltrialfcDxysilanes. mercaptoalkyttnalkojqre. an^, 
liTnJalkyltrialkS^^ containmg a significant percentage, but P«fec*^r l^than a^l. ^l^'TlrJ 
blodted isocyanate groups: in U.S. Patent No. 4.067.844 to Banon and Turk, which disclosed curaUe poylurrthan^in 
which a portion of the NCO terminations are reacted with certain amino silanes (or with the readue on reacton of a 
mercaptosilane with monoepoxide. or with the residue on reaction of an epoxysilane wrth a secondary a^"™)' 
Patent No 4 345 053 to Rizk, et al.. which disclosed a moisture-curable silane-terminated polymer prepared by reacting 
a polyurethane having temiinal active hydrogen atoms with an isocyanate organosilane ^^iT^^"^^ 
SrSSp^at least onlhydrolyzableaitoy group bondedtosilicon: and inUS. Patent Na 

which disclosed a moisture^uraUe polyurethane having terminal isocyanate groups and silane groups having at least 
one hydrolysaWe alkoxy group bonded to silicon, in which the silane groups may be peiidant to the chain.^ 
SS)?rs!^endci^ll urethane sealantsfrequenthraxhW 

ing considerable extension and compression. To overcome these problems. U.& Palerthta 4.645.816 to PoM and 
Cteterhota described a novel dass of room-temperature. moisture<urable. silane-terminated polyurethanes beanng 
terminal isocyanate groups reacted with a silane monomer having one dialkmcy s^tene^o* and anor^ 
group with at least one active hydrogen. The polymers were crosslinKed to produce elastomenc networks with improved 

ISST' Another approach to reducing the crosslinWng density of the cured elastomers, is to use secondary aminosi- 
lanes with bulky substituents on the nitrogen as silane endcappers. preferably reacting all free isocyanate eridgroups 
STttlSSoLary aminosilanes. Feng reportedin European Pa^ 

^il»^ pantaula^y having one diaikoxy silane gmup provWed the added benefK of further irrproved fladb.li^ 
SeneTet d disckLl m U.S. Patent No. 5.364.955 similar benefHs using certain N-alkoxysilylalkyl-aspartc acid 
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[0007]' The use Of difunctional silanes and/or sterically hindered silanes. typkally employing amine reacUvrty tor the 

Lndciping of the urethane prepolymers. suffers from several drawbacks. The secondary amine «^"'"9«^,f 

stwHoVeact with the urethane prepolymer while polymer endcapped with dialkoxyfunchonal silanesare 

stow to cure. PartkaJarly the farmation of urea whfeh is experienced when using amino silanes lea(teto a meaningful 

increase in viscosity of the prepolymer. potentially resulting in processing problems and applica^^^ 

[00081 Emptoying trialfcoxy silane groups as endcappers for silylated precureors intended to have consideraWe f lai- 

bility has heretofore required forming extended polymer chains with a significantly high average molecutar weight to bai- 

anoe out the crosslinWng density inherent in the use of the Iriluncttonal endcapper. This however has led to inaeased 

viscosity Of the eventual product, to unacceptaUy high levels partteularly using amino silane endcappers buMing ur^ 

bonds. The synthesis routes to buiW up chain length via the polyurethane polyaddHion reaction using 

yether polyols have exhibited the problem of low to negligible reskiual funcBonality of the urethane prepolymer before 

snane Sapping. Hence, synthesis of these types of systems may be not feasible, and/or these systems may offer 
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unacceptable cure profHes and mechanical properties. 

[0009] Thus, there remains a need for silylated pdyurethane precursors that offer siniiltaneously favorable viscosi- 
ties, taster cure, and significantly improved mechanical properties, flexibility, and no residual lack after f kial cura 

Brief Summary of the invention 

lOOTCfll One aspect of this invention is the synthesis of high molecuiar weight urethane polymers, endcapped with 
aBowyfunctonal silanes. that offer satisfactDry properties and flexibjiity afier final cure of the siloxane-aosslinked poly- 
mer net*wfc Use of such functional silane endcappers. and especially trifunctional silane endcappers. offers the added 
» benefit of fast cure speeds. It has been Ibund that silylated pdyurethanes offering non-britUe. elastic materials can be 
pr^ared using extremely knvunsatuiatian polyether polyols in the formation of the polyurelhane prepolymeis that are 
Silylated. 

l}^- f"? ^^P^ P'«^ invention is a process for preparing a silylated poiyurethane. comprising (M 
reacting ffl a polyol component having terminal unsaturation less than 0.02 miUiequivalents per gram of polyol of 2 000 
to 20 000 molecular weight, with (li) a diisocyanate component at a stoichoimetric excess of said polyol conwonert to 
said diisoc)«nate component whereby a poiyurethane prepolymer is formed which is hydroxyMemiinated: and (B) 
reacting said polyurrthane prepdymer with one or more isocyanate silanes of the fomiula 

0(^R-Si-{)an(5>R )3.m m is 0. 1 or 2. each is allcyl containing 1 to 4 carbon atoms and preferably methyl 

or ethyl, each X is alkyi containing 1 to 4 carbon atoms and preferably methyl or ethyl, and R is a difunctional organic 
group and preferably straight or branched difunctional aOtyl containing 2 to 6 carbon atoms, to endcap the hydroxvl 
groups on said prepolymer with said isocyanate silane. ■]r«u«yi 
Po'y™®"^^*"'" °* alkylene oxide in the presence of metal con?jlex catalysts allows tor the synthesis of 
polyether polyols with higher molecular weight and very low unsaturation level. These polyether polyois are ideal start- 
ing matenals tor the synthesis of very high molecular weight polyurethanes via polyaddHion reaction. Their inherent 
high molecular weight enables diminishing amounts of hard segments for the build up of urethane polymer chain length 
resulting in drastically lower viscosities of the urethane prepolymeis. IMoreover their low unsaturation level pennits 
increasing the urethane prepolymer molecular weight without loss of functionality during chain extension fbr ultimate 
silane endcapping and final curing. 

PB0131 Another aspect of the present invention is silylated polyurethanes prepared by the aforementioned process 
TTMs aspect of this invention permits the synthesis of very high molecular weight silylated polyurethanes which demon- 
straae significant lower residual surface tadt By comparison, the use of conventional polyether polyols as educts for the 
syndesis of urethane prepolymers with increased molecular weight typically leads to the disadvantage of excessive 
residual surface tack in the final products. TTiis aspect of the present invention thus provides high molecular weight low 
viscositysihrtated polyurethanes using isocyanate.aikoxy silane endcappers. which silylated products are excellent pre- 
cursors for fonrwlations of sealants, adhesivas. coatings, and the like. Fbrmulations employing these precursors simul- " 
taneousiy exhibit tower viscosities, convenient processing and workaWRty. fast cure profiles, and improved mechanical 
properties and flexibility, in an elastic, flexible material exhibiting little or no residual surface tack. 

Detailed Description Of Tlie Invention 

Polymgrs 

[00141 Ureftane polymers bearing terminal active hydrogen atoms which are useful in the present invention can be 
^J^^ ^ ^ '"^^ * °^ POlyisocyanate reacfant component with a stoichiometric excess of a polyol 

restart component virtiich can be a polyether polyol or comprises a combination of polyols. Depending on the reactivity 
of the respective reacfants, a catalyst might be emptoyed. The reaction temperature is typkally in the range of 60* to 

90 C: the reaction time is typicalV on the order of about 2 to 8 hours. Example preparations are set out in the next sec- 
tion. 

[001 Si Suitable organic di- and polyisocyanates include diisocyanates such as 2,4-toluene diisocyanate. 2 6-toluene 

?-i^?5irfA^:w '*Tt'^''f'^r**^'"*^^ 2,4-.diphenyl-methanedy60cyanate, isophorone diisocyanate 
( 1PDI-). 4,4 -dicyclohexylmethan»<liisocyanate-isomer8. DESMODUR N and the like, and mixtures thereof 
[00161 FarVn productfon of the urethane prepolymers one or more diols and tiids can be enployed in the reaction 
♦ JfJ*"^^* f""*"^ polyester polyols. polybutadienediols. polyoxyalkylene diols. polyoxyalkylene trids, pdyte- 
tramrtiylene glycols, polycaprolactone diols and triols. and the like, having two or more hydroxyl groupa Preferred 
poly«>ls used m the present invention are polypropylene glycols. The polyols employed in the present invention have a 
TIJ^ ""sali'afcon "wel and therefore high functionality. Said polyols are typically prepared using metal connlex cat- 
aysls for the pdymensation of alkylene oxide resulting in polyols having a low level of tenninal ethylenic unsaturatton 
that « less than 0.02. preferably less than 0.04. milliequivalenis per gram (meq/g) of polyol. The molecular weght of the 
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polyols is typically in the range between about 2.000 and 20.000. more preferably 3.000 to 10.000 

rom-n To nr«are activB hydroxy! group-terminated polyurethanes useful in this inventon. at least a slight molar 

the polymer chains with hydroxyl groups. "The preferred molar rate) ol the NCO to OH is from about 0.3 to 0.95. ana 
more oreferatily between 0.5 and 0.85. depending on the polyol in usa _,«.^«^.„h.^,^-„ 
SSt sr O^oJinctional silane endcappers suitable in the present invention Ibr ^^^^;^?^Tt^^^^ 
tmrtnal aS« bearing urelhane prepolymers are represented by the general ^f'™^- Of N-R-Si-POmCOm^^^ 
STS JfeTd^ organic yoi^each R' is alkyi having 1 to 4 carbon atoms. X is an alkyl group tevmg from 1 to 
^^«^.!lfm!dm te^nlM 0 to 2. Group R can have any of a wide variety of stnictures fonning a stable 

alktwvsilane compounds are niuslrated fbr exai^ple. in columns 4 and 5 of U.S. Patent f^-^*-^^^-^^' ^ 
lw1?te i1.S2a^Mene group having 2 to 6 caibon atoms 

SaSl pXtd rSteriaiTe gamma-isocyanatoprcpyl-triethoxy silane and gamma-isocyanalopropyl-tnmethoxy 

SSSi The urethane prepolymer having active hydrogen atoms is reacted in an approximately '^<=»l'«««**«^^^ 
SS is ab^ describ^TSSLnate silane to form a stable prepolymer having one or more term««l aikoxysUane 

The urethane prepolymer synthesis as well as the subsequent silylaBon reaction are conducted ""^er aiihy- 

SL?en 6?^9SS.>y|3Slly. *« total reaction Hme fbr the synthesis of the silytated polyurethane is between 4 to 

frU^?' n«tei««dB tvDicallv used in the preparation of the above mentioned urethane prepolymere as well as of the 
Sli soSXSJ.^^ e such as dibutynin dilaurate and <»^^^-^ 

^^S^SL of ca-boxylic acids, such as stannous octoate and stannous acetate, and the like. The pre- 

S2St'^?s;sfei?rSssi^^ '"^^^ 

ranzsi Oneoart sealant formulations Incorporating the above silane terirtnatad urelhane polymers can be fweP«^«" 
SSig^SS M>ated polyurethane"^ any of the customary funcdonal additiv^suj ^'^"^^'^'J 
S^d^rTtfiixotrooes. antioxidants. U.V. stabilizers, adhesion promoter(s) and/or cure catalyst Satisfaclorymixing is 
SSdSiS^SS Typically, the silylaled urethane polymer, fillers, stabilisers and Pla6t|0»Br are 
S2 S^fJr^ 9? nSS in vacuum. After cooling to SO-C. the desired silane adh^on ^^-^^^ 
InHru^acaialvat are added and the mixture is sliired fbr an additional 30 minutes under a blanket of nitrogen 

S^LJSSmcartMnates. Tofurtherinprove the physical strength of the formulations, remforcng cart^ Wackcan 
bi^^f iSnlS Sng to black s^ems. Several commercial grades of carbon black userful in this inventwn 
^e^lSe ^ck as -oSaX- products (Degussa). To obtain translucent fbrmulattons. higher levels of fumed sdK» or 
rkraHniiated silica shouU be used as the main f iller, without cartwn black. 

5Sr?4^S^<3S:m cXnates having particle sizes from 0.07 pm to 4 ^m are preferred «S:rs?S^S 
LUW9I "—rrr" flfi- "I iiTRA PFLEX" and "HI PFLEX" from Specialty Minerals; "WINNOFIL SPM and 

iS^^rS^TsS^frTz^iSSiri^^^^^^^^^ -HUBERCARbIS- L "HUBERCARB W- from Hub^ 

««^^KSroiwiTF ^ES^ese fBI^ can be used eHher atone or in combinatfon. The ffflers generally compnse up 
Stoo^P^lS^tTeXlateduremanepolymerwilhaotolSO^ 

raSsi^e DtesSz^stomarii emptoyed in polyurethane sealants can also be used »i the invention to 
prSr^tSriSt^use of hiiher^ levels. Exemplary plasticizers Include phttjalates. diproR^^and d.^ 
, KaSotSLoatesandmixturesthereof. epoxklized soybean oil and the Oka 

SpSlTSSude those available under the tradenames -JAVj^J^P" "^^^ 
(Seal. The dbenzoates are available as "BENZOFLEX 9^". "BENZOf^LEX 50-and BENZOFLEX 400 fnwi \^ 
SScSmtoal Corporatton. The soybean oil is available from Union Carbide Co^J'^a'"^'^-^ 
Ser^Sally oon^upto 100^ 

' SST ?£5SSSnulatlon can include various Wxotropk: or anti-sagging agents This class of additives are typ- 
K ^.^ST^Zs. fumed Silica, treated days and polyamides These additiv^ |l*;^'y 
fmts per hundred parts of silylated urethane component wHh 1 to 6 parts bemg prefeired. Useful thixotropes include 
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those available as: "AEROSIL" from Oegussa, "CABO-SIL TS 720" from Cabot "CASTDRWAX" from CasChem 
THIXATROL- and "THIXCIN" from Rheox. and "DISLON" from King Industries. 

[0028] U.V. stabilizers and^or antioxidants can be incorporated into the sealant forrrwlations of this invention in an 
amount from 0 to 5 parts per hundred parts of silylated urethane polymer with 0.5 to 2 parts being preferred. These 
materials are available from companies such as Great Lakes and Ciba-Geigy under the tradenames "ANOX 20" and 
"UVASIL 299 HM/LM- (Great Lakes), and "IRGANOX 1010*. TINUVIN 770". TINUVIN 327". "TINUVIN 213" TINU- 
VIN 622 LD- (Ciba-Geigy). respectively 

[0029] Various organofunctional silane adhesion promoters are useful in the sealant formulation of the present inven- 
tion. These materials typically are employed at levels of 0,5 to 5 parts per hundred parts of the silylated urethane poly- 
III^UT?™^ ® ^ ^'^ hundred parts of polymer being preferred. Suitable adhesion promoters include 

SILQUEST A-1120- silane. "SILQUEST A-2 120" silane, "SILQUEST A-inO" silane. "SIljQUESTA-l 170" silane and 
"SILQUEST A-187" silane. all of which are available from Witco s OrganoSilicones Group, 

[0030] Suitable cure catalysts are the same as those that have been previously described for preparation of the 
silylated urethane polymers. The catalysts typically conprise 0.01 to 3 parts per hundred parts of silylated urethane pol- 
ymer, with 0.01 to 1 .0 parts per hundred parts of polymer being preferred. 

[0031 ] After mixing, the sealants are typcally cured at 23»C and 50% relative humidity far 14 days. 



EXAMPLES 



[0032] After synthesis, a portion of the silylated polyurethane was thoroughly mixed with 1% by weight of dibutyttln 
dilaurate (DBTDL) as curing catalyst The homogeneous mixture of the catalyst and the silylated polymer was subse- 
quently cast into TEFLON PTFE molds and installed for two weeks at 23 -C and 50 % relative humidity in a cfimatic 
chamber for curing. The cured polymer films were tested thereafter as described herein using the test procedures 
applied to the corresponding sealants. 

[0033] The viscosities of the urethane prepolymers. the related silylated polyurethanes, and the formulated sealants 
were determined with an ICI cone & plate viscometer, typically at 156 s"^ and ambient conditions. 
[0034] The physical properties of the caired silylated polyurettianes and tiie related sealants were tested according to 
the Amencan Society for Testing and Materials (ASTM) Method D 412 for tensile sfrengtii. revealing the values for ten- 
sile sh-ength at break, elongation at break and 100 % modulus, and according to the ASTM Method D 624 for tear 
sfr ength. 

[0035] The hardness of the materials was dbs&rved using Shore A hardness testing. 

[0036] The reskiual tack of the cured systems was observed by finger touch and was measured on a scale of 4 to 0 
where 4 stands for no reskiual lack and 0 for very tacky. 

[00371 The foflowhig cases are representative examples for the above described polymer and related sealant sys- 
tems. Table 1 summarizes the polymer systems revealing typical formulationa The properties and claimed benefits of 
the particular polymer f Ums and related sealants systems are shown in Table 2 and Table 3. respectively. 

Example 1 (SysfPin ^) 

[0^] A mixture of 41 4 g (0. 103 mole) of a conventional pdyaxypropylene polyol. having a specified hydroxyl number 
of 27.9 and correspondingly a molecular weight of about 4021 an unsaturation leel of between 0.13 and 0 18 (VORA- 
NOL P 4000. Dow Chemicals) and 36.1 g (0.144 mole) of 4,4'-diphenylmettiane dlisocyanate (4,4'-MDI ISONATE M 
1 25. Dow Chemicals), giving a NCO/OH ratio of 1 .4. adding 60 ppm DBTDL and 20 ppm of benzoylchloride as a reac- 
tion catalyst-retarder system, respectively, was held under constant stimng (30 rpm) at 70 - 75 °C for about 3 hours to 
reduce its NCO content to approximately 0.8 %wt. Then this isocyanate terminated polyuretiiane prepolymer (PUR A) 
was reacted with ttie con-esponding amount of 21 .4 g (0.084 mote) of N-phenyl-gamma-aminopropylfrimethoxysilane 
(Silane I) to forni ttie silylated polyuretiiane SPUR A. The reaction was heW at 70 - 75 -C until ttie NCO content was 



zero. 



Example g (aystftnri R) 



[0039] A mixtiire of 322 g (0.082 mole) of a low-unsaturation polyoxypropyfene polyol having a specified unsaturation 
level of 0.005 meq/g. a specified hydroxyl number of 28.4 and a con-esponding molecular weight of 3950 (ACCLAIM^ 
4200. ARCO Chemical) and 28.5 g (0.114 mole) of 4.4'-diphenylmethane dlisocyanate (4.4'-MDI ISONATE M 125 
Dow Chemicals), giving a NCO/OH ratio of 1 .4, adding 20 ppm DBTDL as catalyst was heti under constant stirring (30 
rpm) at 70 - 75 'C for about 3 hours to reduce its NCO cont^ to approximately 0.8 %wt Then tttis isocyanate temii- 
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nated polyurethane prepolymer (PUR B) was reacted with the corresponding amount of 18.6 g (0.073 mole) of N-phe- 
nyl-gamma-aminopropyltrimethoxysilane (Silane I) to form the silylaled potyurethane SPUR B. The reaction was held 
at 70 ■ 75 until the NCO content was zera 



5 Fyample 3 fSvstem Q 

[00401 A mixture of 382 g (0.094 mole) of a low-ur«aluration polyoxypropylene polyol. (ACCLAIM™ 4200. ARCO 
Chemicals) and 14.5 g (0.058 mole) of 4,4'-MDI (ISONATE M 125, Dow Chemicals), giving a NCO/OH ratio of 0.62. 
adding 20 ppm of DBTDL as catalyst was held under constant stirring (30 rpm) at 70 - 75 'C for about 3 hours to reduce 
10 its NCO content to zera Then this hydroxyi group terminated polyurethane prepolymer (PUR C) was reacted with 14.6 
g (0.071 mole) of gamma-isocyanatopropyttrimethoxysilane (Silane II) to form the silylated polyurethane SPUR C. The 
reaction was held at 70 - 75 'C until the NCO content was again zero. 
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[0041 1 A mixture of 311 .4 g (0.038 mole) of a low-unsaturation polyoxypropylene polyol. having specified unsaturation 
level of 0 005 meq/g. a specified hydroxyi nuntjer of 13.8 and a corresponding molecular weight of 8130 (ACCLAIM)™ 
8200 ARCO Chemicals) and 4.3 g (0.019 mole) of IPDI (VESTANATE. HQls). giving a NCO/OH ratio of 0.5. adding 40 
ppm of dibutyltin dilaurate as catalyst, was held under constant stirring (30 rpm) at 70 - 75 ''C for about 3 hours to 
reduce its NCO content to zera Then this hydroxyi group temtinated polyurethane prepolymer (PUR D) was reacted 
with 9.98 g (0.04 mole) of gamma-isocyanatopiopyltriethoxysilane (Silane 111) to form the silylated polyurethane SPUR 
D. IhB reaction was held at 70 - 75 •C until the NCO content was again zera 

Example 5 (System E) 

[0042] A mixture of 238.1 g (0.029 mole) of a low-unsaturation polyoxypropylene polyol. (PPO, ACCLAIM™ 8200. 
ARCO Chemicals) and 4.35 g (0.019 mole) of IPDI (VESTANATE. Huls). giving a NCO/OH ratio of 0.67. adding 40 ppm 
of dibutyltin dilaurate as catalyst, was held under constant stirring (30 rpm) at 70 - 75 <»C for about 3 hours to reduce its 
NCO content to zera Then this hydroxyi group terminated polyurethane prepolymer (PUR E) was reacted with 5.06 g 
(0.02 mole) of gamma-isocyanatopropyltri^hoxysilane (Silane HI) tofomi the silylated polyurethane SPUR E. The reac- 
tion was held at 70 - 75 "C until the NCO content was again zera 

[0043] Films were made from the prepolymers by pouring 100 to 120 g of the prepolymer into a glass iar. the lid of 
this jar being equipped with a gas in/outlet, and a device that allows the air tight rotation of an agitation rod. The polymer 
was degassed under vacuum at room temperature, until no bubble is present The jar was opened and 1 wt % tin cat- 
alyst was Introduced into the polymer. After closing of the jar. the catalyst was incorporated into the polymer by mixing 
under vacuum until the blend is homogeneous. The content of the jar was poured into a PTFE mould to react with air 
moisture; an about 3 mm polymer sheet was obtained and tested after 2 weeks at 23*C and 50% relative humidity. 
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Potymer Structure Overview and Viscosities 




System 


A 


B 


C 


D 


E 




polyol 


P4000 


ACC4200 


Acc 4200 


ACC8200 


Acc 8200 


45 


isocyanate 


MDI M 125 


MDi M 125 


MDI M 125 


IPDI 


IPDI 




NCO/OH ratio 


1.4 


1.4 


0.62 


0.5 


0.67 




silane endcapper 




1 


II 


III 


III 


SO 


calcul. approx. MW 


11.000 


11.000 


12.000 


17.000 


25.000 




silylated polyurethane 


115.2 


243.2 


76.8 


57.6 


96.0 




viscosity (Pa.8) 













55 



EP0931 800 A1 



Table 2 



Polymer Film Property 


System 


A 


B 


C 


D 


E 


tear (NAnm) 


1.6 


4.4 


2.4 


2.5 


2.6 


tensile at break (MPa) 


0.3 


1.0 


.0.7 


0.5 


0.4 


efongat at break (%} 


248 


169 


60 


125 


326 


100% modulus (MPa) 


0.1 


0.7 




0.4 


0.14 


Shore A 


9 


37 


47 


26 


12 


residual tack* | 


1 


3 


4 


4 


3 



* The residual ta* of the cured systems was observed ty finger touch 
and was measured on a scale 4 to 0, where 4 stands for no residual tadc 
and 0 lor very tad<y of the completely cured product. 



20 Examples 6 to 10 fSvstem F te IP- 

[0044] The sealant systems - Examples F to K - were formulated using the procedure desalbed above. The following 
ingredients and amounts were used: 
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Ingredient 


phr 


Silylated Polyurethane 


100 


DIDP 


40 


CaCO3*(0.07mm) 


90 


SiOg* 


2 


TO2* - - 


5 


SILQUEST A- 1 71 (vinyftrimethoxy silane) (Witco) 


1 


SILQUEST A-1 120 (N-p-aminoethyl)-y-aminopropyltrimethoxy silane) (Witco) 


2 


DBTDL 


0.15 



• surface treated 



[0045] The performance properties of the sealants are summarized in Table 3. 
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Tabte3 
Seafant Properties 



System 


F 


G 


H 


1 


K 


prepoiymer 


A 


B 


C 


D 


E 


viscosity (Pa.s) 


172.8 


467.2 


92.8 


121.6 


313.6 


tear (N/mm) 


4.9 


8.2 


6.6 


8.0 


8.9 


tensUe at break (MPa) 


1.5 


2,7 


2.7 


2.35 


1.94 


elongation at break (%) 


236 


194 


147 


234 


469 


100% modulus (MPa) 


0.7 


1.7 


2.2 


1.2 


0.6 


ShoreA 


25 


49 


62 


23 


27 


residual tack* 


2 


4 


4 


4 


4 



was measured on a scale 4 to 0. where 4 stands for no residual tack and 0 far 
very tad<y of the completely cured product. 

[0046] Direct comparison of Systems A and B and of their related sealants F and Q. 

Kence of empkX either conventional or low-unsaturation type of polyether polyds tor th» technotoffl^Poly«her 
te^ r^emely low level of terminal ethylenic unsaturation allow for the syrrthesis of s lylated urjjne ^ 
nw8 with increased molecular weight via the polyaddition reaction without sacnfiang mechanical properties ortfweas- 
ETST^ce tack. The increase in tear strength (175 % and 67 % for polymer film and sealant respec^W. 
ensi^strenglh at break (233 % and 80 % for polymer film and sealant, respectively). 100% moduliK^ Sfiore A. and 
ciJSles *x etonUtion at breaK all rd^ 

^MTl Comparison of Systems B and C and of their related sealants Q and H. respectively demonstrates Ihejm^ 
of either using amino silanes or isocyanate silanes for silane endcapping on the>^rt.es of the ^»^^J^ 
anate silane endcapping leads to distinctively lower viscosities of sOylated prepolym«s c* simto •~^«J«'a^ 
such as the reduction of viscosity by a f&ctor of three in the example shown. This P W^^^^JIy "^J^ * 
corresponding sealant fomwlations as well, such as the reduction of viscosrty by a factor of ^J^" *e «fflmpte sho^^^^ 
roOW^Svsterns D and E demonstrate the ability to build up silylated polyurethanes of extended chain length and still 
obtain favorable viscosities by polyaddition reactton. Polyether pdyols of low unsaturation level altow tor the synthesis 
STflh enough molecular weighlurethaneprepolymerstoenable the use of trifunctio,^^ 

saciflicing ftedbility. System E and Hs related sealant tomwialfon K Ulustrate the present invertion in a comprehensive 
^y: The enptoymert of low unsatumlten polyether polyols allows tor the synthesis '^.f^JP^^'^^'^^jr^^ 
extended chain length, endcapped with trifunctional isocyanate silanes. having tow viscosities^KWing good mechan- 
ical properties and flexibilities, with the added benefit of lower residual tacK and faster cure prcMes. 

Examples 11 - 12 (Polymers U, V and Sealants X. Y) 

raodai Exanvie U- A mixture of 31&3 g (0.079 mole) of a conventional polyoxypropylene polyol. (VORANOL P 4000. 
SSI^ihS and 14?; (0.059 mSe) of 4.4'^iiienylmethane diisocyanate (4.4-.MDI. ISONATE M 125. Dow 
SJS. giving a NCO/OH ratto of 0.75. adding 5 ppm tin as dibutyWn dlaurate (DBTDL) catal^ wes heW under 
constant stt^ngTso rpm) at 70 - 75 -C for about 3 hours to reduce Hs NCO content to zera Then this ►vd-^^group 
SiSted pol^retfiTne prepoiymer (PUR U) was reacted with &47 g (0.041 <la«:"™;»5?^^ 
rnethoxysilane (Silane II) to tomi the silylated polyurelhane SPUR U. The readton was held at 70 - 75 'C unbl the NCO 

SdST "SSiTmixture of 315 g (0.082 mole) of a low-unsaturatfon polyoxypropylene polyol. (ACCLAIM™ 4200. 
Lvondell Chemteals) and 15.4 g (0.062 mole) of 4.4 -MDI (ISONATE M 125. Dow Chemicals), giving a NCO/OH lato of 
O^TSkSLTo »m to as DOTDL catalyst, was held under constant stirring (30 rpm) at 70 - 75 -C tor about 3 houre 
to reduce its NCOcontent to zera TTien this hydroxyl group temiinated polyurethane prepoiymer (PUR V) ««8 r^ed 
"th 8 82 g (0.043 mole) of gamma-isocyanatapropyHrimethoxysilane (Silane II) to torn, the silylated polyurethane 
SPUR V. The reaction was held at 70 - 75 'C until the NCO content was again zera 
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'mbie4 



5 


Poiymer Structure Overview and Viscosities 


System 


U 


V 




polyoJ 


VORANOL P 4000 


ACCLAIM 4200 




tsocyanate 


M01M125 


MDI M 125 


10 


NCO/OH ratio 


0.75 


0.75 




silane endcapper 


II 


II 




caicul. approx. MW 


17,000 


17.000 


IS 


silytated potyurethane 


44.0 


204.8 


viscosity (Pa.s) 







SO 



Films and Sealants were made from pre-polymers U and V according to the procedures set forth above. 



Table 5 



2S 



30 



Polymer Film Properties 


System 


U 


V 


tear (N/mm) 


1.4 


2.7 


tensile at break (MPa) 


0.17 


0.65 


elongat at break (%) 


320 


153 


100% modulus (MPa) 


0.07 


0.49 


Shore A 


3 


32 


residual tack* 


0 


3 



3S 



40 



* The residual fade of the cured systeriis was 
otserved by finger touch and was measured 
on a scale 4 to 0, where 4 stands for no resid- 
ual tack and 0 for very tadcy of the completely 
cired product. 

The performance properties of the sealants are summarized in Tatjie 6. 
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Table 63 



Sealant Properties 


System 


X 


Y 


prepolymer 


u 


V 


viscosity (Pa.s) 


62.4 


345.6 


tear (N/mm) 


5.0 


11.0 


tensile at break (MPa) 


1.1 


2.3 


elongation at break (%) 


386 


305 


100% modulus (MPa) 


0.3 


1.1 


Shore A 


16 


43 


residual tack* 


1 


4 



* The residual tack of the cured systems was 
ofcjserved by finger touch and was measured 
on a scale 4 to 0, wheiB 4 stands for no 
residual tack and 0 for very tacky of the coni- 
pletely cured product. 



[0051] Direct comparison of Systems U and V and of their related sealants X and Y. respectively, reveals the distinct 
influence of employing either conventional or low-unsaturation type of polyether polyols for this technology Polyetfier 
polyols with an extremely low level of terminal ethylenic unsalurat* on. being generally less than 0.02 meq/g of polyol. 
allow for the synthesis off silylated urethane polymers with increased molecular weight via the P°'y^*^!^i°"!^°" 
out sacrificing mechanical properties or increasing residual surface tack The increase in tear strength (93 % and 120 
% for polym^ f flm and sealant, respectively), tensile strength at break (282 % and 1 1 0% Ibr pohfmer film and sealant, 
respectively). 1 00% modulus, and Shore A. and the lower values for elongation at break all reflect the higher function- 
ality and therefore the improved crosslinking network. 



aalms _ . 

1 . A process fbr preparing a silylated polyurethane. comprising 

(A) reacting (i) a polyol component having temiinal unsahjration less than 0.02 milliequivalents per gram of 
polyol with a molecular weight of 2.000-20.000 daltons. with (fi) a diisocyanale component at a ^choimetnc 
excess of said polyol component to said diisocyanate component, whereby a polyurethane prepolymer is 
formed which Is hydroxyl-terminaled; and 

(B) reacting said polyurethane prepolymer with one or more isocyanate silanes of the formula (1) 

CK)N-R-Si-(X)m(-OR^)3.m 

wherein m is 0. 1 or 2. each is alkyi containing 1 to 4 carbon atoms, each X is alkyi containing 1 to 4 carbon 
atoms, and R is a difunctional organic group, to endcap the hydroxyl groups on saM prepolymer with said iso- 
cyanate silana 

2. A process according to daim 1 wherein R is Afunctional straight or branched alkyi containing 2 to 6 carbon atoms. 

3. A process according to daim 1 wherein m is zera 

4. A process according to daim 1 wherein m is one. 

5. A process acoorcfing to claim 1 wherein saki isocyanate silane off formula (1) is gamma-isocyanatopropyl-trimetii- 
oxysilane or gamma-isocyanatopropyl-triethoxysilane. 
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6- A sifylated polyurethane prepared by a process comprising 



(A) reacting p) a polyol component having temtinal unsaturation less than 0.2 milliequivatents per gram of 
polyol with a molecular weight of 2.000-20.000 daltons. with GO a dlisocyanate component at a stoicholmetric 
excess of said polyol conponent to said diisocyanate component whereby a polyurethane prepolymer is 
formed which is hydroxyl-termlnated; and 

(B) reacting said polyur^hane prepolymer with one or more isocyanate silanes of the formula (1) 

OCN.R-Si.{X)^«5Ri)3.„ (1j 

wherein m is 0. 1 or 2, each is alkyi containing 1 to 4 carbon atoms, each X is alkyi containing 1 to 4 cartwn 
atoms, and R is a difunctional organic group, to endcap the hydroxyl groups on said prepolymer with said iso- 
cyanate silane. 

7- A silylated polyurethane according to claim 6 wherein m is zera 

8. A silylated polyurethane according to claim 6 wherein m is one. 

9. A silylated polyurethane according to claim 6 wherein said isocyanate silane of formula (1) is gamma-isocyanato- 
propyl-trimethoxysilane or gamma-isocyanatopropyl-lriethoxysilan& 

1 0. A silylated polyurethane according to claim 6 wherein saki diisocyanate component is selected from the grotp con- 
sisting of 2.4-toluene diisocyanate, 2.6-toluene diisocyanate, 4,4-<iphenyl-methanediisocyanale. 2.4'KJiphenyl- 
methanediisocyanate. isophorone diisocyanate, 4,4'-dicyclohexylmethane-drisocyanate-isomers, and mixtures 
thereof. 
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